We propose a method to manage uncertainties about the layering of 3D reservoir models, using stochastic correlations of sedimentary units identified along wells, according to the sequence stratigraphy paradigm. A stratigraphic model represents the architecture of the stratigraphic succession of an area. Sequence stratigraphy is a common paradigm in reservoir studies to interpret and correlate local high resolution observations (outcrops, well logs and core samples) and more exhaustive but lower resolution data such as 3D seismic. The incompleteness of these data, their quantity and their varying quality, added to the fact that the processes that control the geometry and the conformability of the sequences are complex and poorly known, lead to uncertainties. The proposed method aims at building stratigraphic models honoring 1D interpretations along wells together with conceptual sequence stratigraphic rules formulated quantitatively as correlation costs. The algorithm chosen is a modified version of the Dynamic Time Warping algorithm. More than finding the best correlation using a set of rules, it handles different orders of sequences, takes in account the conformability of the horizons, and its output is a set of different possible correlations, allowing for generating alternative stratigraphic layerings. This methodology is demonstrated on the Teapot Reservoir, Wyoming.
Introduction
We propose a method to manage uncertainties about the layering of 3D reservoir models, using stochastic correlations of sedimentary units identified along wells, according to the sequence stratigraphy paradigm. A stratigraphic model is a representation of the architecture (geometry and conformability) of the stratigraphic succession of an area. Within the sequence stratigraphic framework, a stratigraphic model represents genetic sequences, controlled by changes in the accommodation space and sedimentary input. Sequence stratigraphy is a common paradigm in reservoir studies to interpret and correlate local high resolution observations (outcrops, well logs and core samples) and more exhaustive but lower resolution data such as 3D seismic. The incompleteness of these data, their quantity and their varying quality, added to the fact that the processes that control the geometry and the conformability of the sequences are complex and poorly known, lead to uncertainties. However, in reservoir modeling practice, this source of uncertainty is generally neglected, whereas changing the layering of a reservoir grid can have significant impact on the volumetrics, petrophysical properties and flow response of numerical reservoir models. Consequently, we propose to handle the stratigraphic correlation problem using a stochastic method. The transgressions and regressions being observable at different scales, the sequences can be interpreted at different orders along wells, which also raises uncertainties in the well interpretation. This source of uncertainty is considered in our method.
More precisely, the proposed numerical method aims at building stratigraphic models honoring 1D interpretations along wells together with conceptual sequence stratigraphic rules formulated quantitatively as correlation costs. The first rule sets that the sequences to be connected have to show corresponding changes of relative sea level (transgression or regression). The second rule compares the angles of the horizons which are above and below the unit formed by the correlation of the two sequences.
Method and/or Theory
The algorithm chosen is the Dynamic Time Warping algorithm. It allows to find the best correlation between two linear signals, by computing the cost of each pair of correlations possible, using a set of rules. Our modified version of the DTW can handle different orders of sequences, corresponding to different levels of interpretation, as the wells can be interpreted by different geologists, or come from different sets of data. To do so, several sequences of a well are allowed to be correlated to a single sequence of the second well. The conformability of the horizons, the way the sequences are connected (onlaps, baselaps, toplaps, erosion, conformable), is also taken into account. Moreover, its output is a set of different possible correlations, allowing for generating alternative stratigraphic layerings. This methodology is demonstrated on the Teapot Reservoir, Wyoming. Results show that the method is able to establish possible sets of correlations, clearing the path for further studies about reducing correlation uncertainties with ancillary data and assessing their impact.
